Five strains of a new alkalophilic bacterium have been isolated from potato-processing effluent. These strains are Gram-positive, non-sporing, motile rods which form an orange, cell-bound pigment and are capable of growth in aerobic or anaerobic conditions at a pH up to 11.5 and between 7 and 43 "C. For one representative strain the highest growth rate occurred in the pH range 8 to 10.5 and the minimum doubling time observed was 27 min at approximately 38 "C. With glucose as substrate, lactate, acetate and formate were major end-products, the proportions depending on cultural conditions.
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ized with acetone. Smears of Streptococcus fnecalis and Escherichin coli grown in Heart Infusion medium for 24 h were used as controls. Spore stains using Schaeffer & Fulton's method (Cowan, 1974) were made on cultures grown on PPYG agar and on Heart Infusion agar for up to 8 d. Motility and the arrangement of flagella were observed in 18 h cultures on PPYG agar. After incubation, a small amount of the growth was carefully added to a few millilitres of distilled water, the bacteria were negatively stained using an aqueous solution of uranyl acetate (2%, w/v; pH 4.5) and examined under an electron microscope (AEI 801, operating at 60 kV).
Oxidase and catalase. Tests for oxidase (Kovacs' method) and catalase were made as described by Cowan (1974) on cultures grown for 2 and 3 d, respectively, on PPYG agar.
Oxidativeffermentative metabolism of glucose. The medium of Hugh & Leifson (1953) was modified by adding yeast extract (Difco, 1 g 1-l), substituting o-cresol red (0.01 g 1-l) for bromothymol blue and adjusting the initial pH to 9.5; results were recorded after incubation for up to 7 d.
Production of acid from carbohydrates. The basal medium contained (g 1-l): peptone (Difco), 2; yeast extract (Difco), 1 ; K2HP04, 0.3; o-cresol red, 0.01 ; the pH was adjusted either to 8.0 or to 9.5. The appropriate carbohydrates were added as filter-sterilized solutions to the sterilized basal medium to give a final concentration of 5 g 1-l. The media were distributed into 10 ml volumes in test tubes. Results were recorded after incubation for 21 d.
Ability to use ammonia and nitrate as nitrogen sources. The basal medium contained (g I-l) : glucose, 5 ; K2HP04, 0.5; MgSO,. 7Hz0, 0.2; 0.05 M-N~HCO,/N~,CO, buffer pH 9-5; and the following trace metals (mg 1-l) : CaCI,, 15 ; FeS04. 7H20, 10; CuS04. 5Hz0, 2; ZnS0,. 7Hz0, 2; MnSO, . HzO, 1.5 ; CoCl, . 6Hz0, 0.2; Na,MoO,, 0.2. The effect on growth of adding the following supplements (g 1-l) singly and in combination was tested : NH,Cl, 1.0; KNO,, 1.9; vitamin-free Casamino acids (Difco-Bacto), 3.7, plus tryptophan, 0-185, and cysteine.HCI,O.185; yeast extract (Difco), 0.01 or 0.05. A solution of the K2HP04 and MgS04. 7H,O was sterilized by autoclaving. Solutions at 4 to 40 times the final concentration of the NaHCO,/Na,CU, buffer, of the trace metals and of the remaining components were sterilized separately by filtration. The inoculum was prepared by centrifuging an 18 h culture in PPYG medium and resuspending the sediment in an equal volume of fresh basal medium. Two drops (0.07 ml) were used to inoculate 50 ml quantities of medium in 250 ml flasks. Incubation was on a rotary shaker at 150 rev. min-l, samples were withdrawn after 24 and 48 h and the extent of growth was measured by the absorbance of cultures at 680 nm.
Reduction of nitrate. The medium contained (g 1-l): peptone (Difco), 2; yeast extract (Difco), 1 ; K2HP04, 0.3; glucose, 2.5; KNO,, 1. The pH was adjusted either to 8.0 or to 9.5 and 10 ml quantities of the medium were distributed into test tubes. After incubation for 3 d and for 12 d, samples were removed to test for reduction of nitrate using method 1 of Cowan (1974) .
Ability to hydrolyse polymers. Two basal media were used to test for hydrolysis of polymers at pH 7.5 and 11. Basal medium 1 contained (g 1-l): peptone (Difco), 5 ; yeast extract (Difco), 1.5; glucose, 1; NaC1, 1-5; MgCI2.6H2O, 0-1; 0.05 M -K~H P O~/ K H~P O~ buffer pH 7.5; agar (Difco), 15; the final pH was 7.5. Basal medium 2 was identical except that the phosphate buffer was replaced by 0.05 M-N~,CO, and the final pH was 11, Substrates were incorporated at the concentrations given below; plates were inoculated with a single streak of theorganism and incubated for 5 d. Breakdown of potato starch (BDH, 10 g 1-l)was detected by flooding plates with a 1 in 5 dilution of Lugol's iodine solution. Breakdown of sodium carboxymethylcellulose (BDH, 5 g 1-l) and of pectin N F (5 g I-l) in the presence of CaCI, (1 mg I-l) were detected by flooding plates with a 1 % (w/v) aqueous solution of hexadecyltrimethylammonium bromide (Hankin & Anagnostakis, 1977; Hankin et a/., 1971) . Breakdown of dextran was investigated by a modification of the method of Mencier (1972) on plates containing Blue Dextran 2000 (Pharmacia, 2.5 g 1-l) and Dextran 20 (Pharmacia, 7.5 g 1-l). Breakdown of gelatin (4 g 1-l) was detected by flooding plates with acid mercuric chloride solution (Cowan, 1974) ; in the case of medium 2 at pH 11 , treatment with the acid mercuric chloride solution resulted in gas formation in the medium, but zones of breakdown of gelatin could nevertheless be detected. Breakdown of tributyrin (30 mll-l) (Barnes & Impey, 1972) and casein (skim milk, 50 g 1-l) were detected by zones of clearing around the colonies, and of Tween 80 (10 g 1-l) by formation of opaque zones (Sierra's method; Cowan, 1974) .
Sensitivity to antibiotics. Plates of Wellcotest Sensitivity Test Agar (Wellcome Reagents) pH 7.3 to 7.4 were inoculated by flooding with 1 ml of an overnight culture of the bacteria in Trypticase Soy Broth (BBL) adjusted to an initial pH of 8. After 2 min, the excess liquid was removed by pipette and a Multodisk (Code ll-l4c, Oxoid) was placed on the plate. Results were recorded after incubation for 18 h.
Eflect of p H on initiation ofgrowth. The range of pH allowing initiation of growth was determined using TSYG medium, containing 0.05 ~-N a , c o , for pH > 8.0, adjusted with 1 M-HCI, 1 M-NaOH or 5 M-NaOH to pH values of 6.0 to 13-0 at intervals of 0.5 or 1.0 pH unit. Inoculated and control uninoculated flasks (250 ml containing 20 ml medium) were incubated on a rotary shaker at 25 "C and examined daily. As soon as growth was observed, the pH of the control uninoculated medium was measured and recorded as the pH at which growth was initiated.
Temperature range for growth. Tubes of TSY G medium adjusted to pH 9.5 were inoculated and incubated for up to 7 d in a thermal gradient incubator similar in principle to that described by Matches & Liston (1973) . Growth was measured turbidimetrically using an E E L nephelometer.
E f l ' c t of p H and temperature on rate of growth.
Most of the cultures were grown at controlled pH using a 500 Series I1 modular fermenter (L.H. Engineering Co., Stoke Poges, Bucks.) with a Pye-Ingold combination pH electrode (type 465k9HA, Pye Unicam, Cambridge). A culture volume of 800 ml was used in a 1 1 vessel. Aerobic conditions were achieved by aerating at 800 ml min-l with a stirrer speed of 1300 rev. min-'; anaerobic conditions were achieved by flushing the medium with oxygen-free nitrogen at 75 to 100 ml min-' with a stirrer speed of 450 rev. min-l. Foaming was controlled by automatic addition of a sterile 20% (w/v) aqueous suspension of Silicone DC Antifoam R D emulsion (Hopkin & Williams, Chadwell Heath, Essex) and pH was controlled by automatic addition of sterilized 6 M-NaOH or 1 M-HCI. Sub-ambient temperatures were obtained by circulating refrigerated water through the cold finger of the fermenter. Initial experiments (part of the aerobic curve in Fig. 2) were done under similar conditions with 5 1 cultures in a MF-114 microferm fermenter (New Brunswick Scientific); the results were identical with those obtained using the 500 Series I1 fermenter. Media weie inoculated with 1 7~ (vfv) of the culture volume from a 16 h culture at 25 "C in shaken flasks (for aerated cultures) or in static bottles (for anaerobic cultures) grown in the same medium at an initial pH of 9.5. Samples were withdrawn from the fermenter at appropriate intervals and growth rates were determined from the change in absorbance at 680 nm; a calibration curve relating absorbance to dry weight of cells was prepared using cells grown to the stationary phase (24 h) in YG medium at pH 10 and 25 "C.
Estimation of metabolic products. Samples from stationary-phase cultures were centrifuged (1 8 000 g , 20 min, 5 "C) and the supernatant was stored at -20 "C prior to analysis for glucose (Werner et al., 1970) , lactic acid (Elsden & Gibson, 1954) , volatile fatty acids and ethanol. Volatile fatty acids were extracted by steam distillation of acidified samples (Markham, 1942) . The distillates were titrated against a standardized solution of tetrabutylammonium hydroxide using cresol red as indicator and bubbling C02-free air through the liquid before and during titration to remove COz, and the individual volatile fatty acids were determined as their benzyl esters by gas-liquid chromatography (Jones & Kay, 1976) . Ethanol was determined by gasliquid chromatography using a Pye 104 instrument fitted with a flame ionization detector (Pye Unicam). The stainless steel column (0.152 m x 6.33 mm) packed with Poropak Q (80 to 100 mesh) was operated isothermally at 150 "C using argon (50 ml min-') as the carrier gas.
Extraction and examination ofpigment. A portion (300 ml) of a culture grown in TSYG medium at pH 9.5 for 24 h was centrifuged (12000g, 30 min, 3 "C) and the cells were washed with 50 ml distilled water. The pellet was resuspended in methanol and the pigment was extracted by boiling under reflux for 5 min. The cell debris was removed by centrifuging (12000g, 45 min, 3 "C) and the supernatant liquid was examined spectrophotometrically and by thin-layer chromatography. Far chromatography, a portion of the liquid was concentrated 10-fold by evaporation under N, at 50 "C and applied to plates, 0.25 mm thick, of MN Kieselgel G (Macherey, Nagel & Co.) previously activated at 80 "C for 1 h and washed in the solvent system to be used. The plates were developed ir: ethanol/petroleum ether (b.p. 60 to 80 "C) (1 : 4, v/v). For comparative purposes, pigment from Brevibacterium linens NCIB 8546 grown in TSYG medium at an initial pH of 9.5 was examined in the same way.
DNA base ratio. Strain BL77/1 was grown in TSYG medium with aerobic conditions in a fermenter at pH 9.5 and 25 "C. DNA was extracted from cells by the method of Marmur (1961) and the mol "/o GC was determined by the thermal denaturation method (Marmur & Doty, 1962) .
R E S U L T S
Morphology The isolates were Gram-positive, non-sporing, motile bacteria which varied in shape from short, almost coccoid forms 1.4 x 1.1 pm in the stationary phase to rods 3-2 x 1.2 ,urn in the exponential phase (Fig. 1) . Longer, distorted rods were formed during exponential growth at a pH higher than 10. The flagella were peritrichous and approximately 16 nm diameter. Growth occurred in aerobic and in anaerobic conditions and an orange pigment was formed in colonies exposed to air (except in the case of the non-pigmented variant). Colonies grown on PPYG agar for 3 d at 25 "C were circular, up to 2 mm diameter, lowconvex, smooth, with an entire edge, orange, opaque, butyrous, easily emulsified, undifferentiated; colonies on Heart Infusion agar differed from this description in being up to 2.5 mm diameter, flat, fainter orange and translucent. 
Biochemical characteristics
The isolates were catalase-positive, oxidase-negative and metabolized glucose fermentatively. Acid was formed from galactose, glycerol, maltose, mannitol and sucrose but not from L-arabinose, dulcitol, lactose, melezitose, raffinose, rhamnose, salicin, sorbitol or xylose. Strains BL77/2, BL77/2b and BL77/4 also formed acid from fructose, and strains BL77/2b, BL77/4 and BL77/5 formed acid from salicin in medium at pH 9-5 but not at pH 8.0. Nitrate was reduced to nitrite. Neither ammonia nor nitrate was used as sole source of nitrogen. Growth occurred in media containing Casamino acids plus tryptophan and cysteine with or without yeast extract. Starch, casein and gelatin were hydrolysed but carboxymethylcellulose, dextran, pectin, tributyrin and Tween 80 were not attacked. All strains were sensitive to chloramphenicol(10 pg per disc), erythromycin (10 pg), novobiocin (5 p g ) , oleandomycin (5 pg), penicillin G (1.5 units = 1.0 pg), and tetracycline (10 pg), showed slight sensitivity to streptomycin ( I 0 pg) and were resistant to sulphafurazole (100pg). The DNA from strain BL77/1 contained 55.8 mol yo G C corresponding to a mean TnL of 92.3 "C. Pigment The orange pigment did not diffuse into the medium. The intensity of the pigment varied with culture conditions and production did not occur anaerobically. It could not be extracted from cells with chloroform/methanol (2: I , v/v) as used by Souza & Deal (1977) and was insoluble in hexane, used by these authors to examine the absorption spectrum of pigment from strain A-1. A solution in methanol of pigment from strain BL77/1 grown at pH 9.5 had a major absorption peak at 465 nm with shoulders at 490 nm and 438 nm; methanol solutions of pigment from cultures grown at pH 7.5 and 10.5 gave qualitatively similar spectra, while pigment from Brevibacteriurn linens had a major peak at 450 nm and a shoulder at 438 nm. Thin-layer chromatography of an extract from strain BL77/1 gave a single pigmented spot with RE-0.63, whereas an extract from B. linens gave two pigmented spots with R3-0-68 and RF 0.71.
Eflcct of p H on growth
In preliminary experiments using shaken flasks of TSYG medium, growth of all six isolates was observed at initial pH values ranging from 6.0 to approximately 11 -0. The effect of pH was studied in more detail with strain BL77/1 in fermenters with continuous control of pH. In YG medium at 25 "C in aerobic or anaerobic conditions the highest growth rates were at p H 8.0 to 10.5 and within this range there were two maxima, at pH 8-5 and 9.5 (Fig. 2) . In aerobic conditions the highest specific growth rate was 0-93 h-l (doubling time 45 min) at pH 8.5, while anaerobically the highest value was 0.80 h-l (doubling time 52 min) at pH 9.5. On TSYG medium growth rates were similar to those on YG medium.
When the pH of cultures was altered rapidly from 8-0 to 10.0 or vice versa during the exponential phase, the growth rate immediately altered to that characteristic of the new pH indicating rapid phenotypic adaptation.
The final yield of cells on YG medium at pH 7.0 to 9.0 was slightly higher in aerobic cultures (1 -5 to 3.0 mg dry wt ml-l) than in thosegrown anaerobically (1 -25 mg dry wt ml-l) ; yields were significantly lower when cultures were grown at the limits of the pH range. On TSYG medium the final yield of cells at pH 7.0 to 9.0 was much greater in aerobic cultures (9 to 10 mg dry wt ml-l) than in anaerobic cultures (1 -5 to 3.0 mg dry wt ml-l).
Eflect of' temperature on growth
In preliminary experiments with strains BL77/1 and BL77/3 in tubes of TSYG medium at an initial pH of 9.5, growth occurred at temperatures of 7 to 43 "C in 7 d. In YG medium in a fermenter with pH controlled at 9-5 the optimum temperature was approximately 38 "C Fig. 2 . Effect of pH on the growth rate of strain BL77/1. Specific growth rate was measured in the exponential phase of growth in YG medium at 25 "C with controlled pH and anaerobic (13) or aerobic (@) conditions. Fig. 3 . Effect of temperature on the growth rate of strain BL77/1. Experimental conditions as for Fig. 2 except that the pH was maintained at 9.5 and the temperature was varied; anaerobic (13) or aerobic (@) conditions. h 40 - Fig. 4 . Metabolic products formed from glucose by strain BL77/1. Cultures were grown anaerobically to the stationary phase at 25 "C in YG medium at the constant pH indicated and were analysed, as described in Methods, for formate to), acetate (a), ethanol (n), lactate (m) and glucose (L).
in both aerobic and anaerobic cultures and the highest specific growth rate was 1-5 h-l (doubling time 28 min) in anaerobic conditions (Fig. 3) .
Products of'glucose metabolism When strain BL77/1 was grown anaerobically at 25 "C on YG medium, the glucose was fully utilized over the pH range 7.1 to 10-5 and the main product was lactate (Fig. 4) the volatile acids, and ethanol was aIso formed; with lactate, these products accounted for 89 yo of the glucose carbon at pH 9.5. The fate of the glucose carbon was not pursued further because of the rather high amount of yeast extract in the growth medium. As the pH values limiting growth were approached, the proportion of lactate increased and accounted for 75% of the glucose carbon at pH 7.1 and 10.5, while the proportion of other products decreased.
In cultures grown aerobically on YG medium, the glucose was incompletely utilized (48 to 98 yo) over the pH range 7-0 to 10.0. Acetate accounted for approximately 40 7; of the glucose carbon utilized, but no ethanol was formed, while formate and lactate accounted for no more than 1 and 5 %, respectively, of the glucose carbon utilized. Again, as pH limits were approached the amount of lactate increased, e.g. at pH 11.0 it accounted for 33 yo of the glucose carbon utilized. On the more complex TSYG medium results were qualitatively similar, but among the volatile acids, the branched-chain acids (2-methylpropionate, 3-methylbutyrate and/or 2-methylbutyrate) which had been detected in traces in cultures on YG medium were formed in significant amounts. Collectively they accounted for up to 15 % of the glucose carbon but were presumed to have arisen by oxidation of branched-chain amino acids in the medium.
Analysis of cultures grown at temperatures between 20 and 45 "C and at pH 9-5 gave similar results to those at 25 "C, both aerobically and anaerobically.
DISCUSSION
The strains described here resemble the alkalophilic bacterium A-1 described by Souza & Deal (1 977) in being Gram-positive, non-sporing rods, catalase-positive, motile by peritrichous flagella and forming an orange pigment. However, there are numerous differences between strain BL77/1 and strain A-1 ( Table I) , some of the most important being the ability of the former to grow anaerobically and the differences in pigment and in DNA base ratio. The pigment from BL77/1 appeared to be more polar than that from strain A-1 as, unlike the latter, it could not be extracted with chloroform/methanol (2: 1, v/v) and did not dissolve in hexane. The absorption spectrum of pigment from BL77/1 suggested the presence of a carotenoid compound, and the pigment differed from that of Brevibacterium linens, for which our results agree with those of Jones et al. (1973) . The mol % GC in DNA of both BL77/1 and A-1 falls within the range reported for some groups of coryneform bacteria (Crombach, 1978) , but the difference between the values for these two strains (56 yo for BL77/ 1,46 % for A-1) indicates considerable dissimilarity between them. Further work is required in order to determine the taxonomic position of our isolates. Although they resemble coryneform bacteria the absence from the cell walls of mycolic acids (M. D. Collins, personal communication) indicates that they do not belong to the genus Corynebacterium.
Strain BL77/1 can be regarded as a facultative alkalophile since it grew optimally in alkaline conditions and was also capable of growth at pH 7. Previously described facultative alkalophiles include Bacillus sphaericus and other species of Bacillus (Bornside & Kallio, 1956; Sunaga et al., 1976) while examples of obligate alkalophiles are B. pasteurii (Bornside & Kallio, 1956; Wiley & Stokes, 1962) and B. alcalophilus (Vedder, 1934; Guffanti et al., 1978) . The pH range for optimum growth (8 to 10) and the upper limit (between 11 and 11.5) are similar to those of most of the known alkalophiles, although a pH optimum of 10.5 has been reported for B. alcalophilus (Guffanti et al., 1978) . The occurrence of two pH optima is unusual and may reflect the operation of different limiting physiological systems at these pH values ; the response of exponentially growing cultures to alteration of pH indicates that these two optima were not due to the presence of two genetically different variants.
